The objective was fo siudy the use of various grass species, two liming materials, and phosphorus as means of improving very acid, unproductive, grassland soils. Phosphorus applications increased yields of all 10 species at all levels of liming. Liming with a mixture of calcic and magnesium limes increased yield more than either alone. The oufstanding performance of veldfgrass was associated with ifs calcium-foraging ability, which resulted in fhe highest tissue concenfrafions of calcium. These guidelines point toward the use of phosphorus and small amounts of limestone, containing both Ca and Mg, with calcium-foraging species for successful forage establishment in acid grassland soils.
needed for summering livestock and for the rapidly growing number of pack stock used for recreational purposes. The occurrence of these soils along the coast is ironic because the climate is ideally suited to forage production on adjacent better soils.
Two acid soils were selected for greenhouse experiments. The objective was to study the use of various grass species, two liming materials, and phosphorus as means of improving their forage production.
Experimental Soils and Methods

Wilder Variant
Series. -The Wilder Variant Series occurs on flat, smooth, high alluvial terraces, and developed from sandstone and graywacke sedimentary rock alluvium. Gravels of sandstone exist throughout the profile. The soil is very strongly acid (pH 4.9)) very friable, and high i.n organic matter. The soil site sampled for the experiments is in the Petrolia area where the annual rainfall is about 60 in. The climate is classified as Mediterranean cool summer with fog -Csbn (Durrenberger, 1960 are common. Hence, the poor quality of the vegetation on the Wilder contrasts sharply with the vegetation on the adjacent soil series.
Sixmile Series.
-The sampling site is a meadow in the Sierra Nevada Mountains near Emigrant Gap, at an elevation of 5,500 ft. Average annual precipitation is about 60 in., most of which falls during November through March as snow. The is the main woody species surrounding the meadow; it appears to be encroaching on the better-drained areas.
Samples of soil from the surface 6 inches of each soil type were sifted through a 0.25-inch screen to remove rock and gravel. Three pH levels were obtained, 4.8, 5.8, and 6.8, by using the untreated soils and two lime levels, 1,750 and 5,500 ppm CaO (reagent grade).
The amounts required were the same for both soils. The lime and soil were mixed thoroughly and then placed in 5-inch pots lined with polyethylene sleeves which permitted drainage. The pots were arranged in a stratified randomized block design with three replications.
Soil moisture was determined gravimetrically, and the pH values were determined on a saturated paste of each soil. Experiment 1. -The rates of lime were used in combination with phosphorus (NaH2POd.H20) added at the rate of 0 or 105 ppm P for the Wilder and 0 or 125 ppm P for the Sixmile series. Ten species of grasses were planted on December 10, 1962 and later thinned to lo/pot. All pots received 100 ppm nitrogen as NH4N03, half at 10 days and half at 41 days after planting. The species of grass were:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10. basis. Two levels of phosphorus, 0 and 100 ppm P, were used, with NazHPOd as the source.
All pots received 100 ppm nitrogen as NH4N03, half at 35 days and half at 50 days after planting.
Colonial bentgrass (Agrostis tenuis) , hardinggrass, orchardgrass, and veldtgrass were seeded July 2 and harvested September 17.
Plants from both experiments were analyzed for phosphorus, aluminum, manganese, calcium, and magnesium.
Results
Lime and Phosphorus (Experiment 1 ).-The average yield for the ten species was markedly increased by the application of phosphorus on both soils at all levels of liming (Table 2 ) . Lime applied at the low rate (pH 5.8) resulted in a substantial increase in yield on both soils, with or without applied phosphorus. However, the increases were less than those resulting from the phosphorus treatment.
The yield from the pots treated with the high rate of lime (pH 6.8) was essentially the same as from the pots treated with the low rate of lime on both soils.
Yields of the individual speties from untreated pots ranged from 0.7-1.6 g/pot with cereal rye and veldtgrass to essentially nil with Kentucky bluegrass and hardinggrass (Fig. 1) . Cereal rye and veldtgrass responded strongly to applied phosphorus, but they were unresponsive to liming on either soil. Hardinggrass responded strongly to liming in the presence of applied phosphorus.
Responses of the, other species were intermediate.
The variability of the data on the mineral composition of the individual species makes diff icult the interpretation of differences i.n composition.
However, some results of significance are evident from the data averaged for all species.
Application of phosphorus increased the average concentration of phosphorus in grasses by 66 $0 on the Wilder soil and by 56% on the Sixmile soil ( (Fig. 3) . The substitution of magnesian lime for half of the calcic lime, on an equivalent neutralizing basis, resulted in major yield responses from all four species in the absence of applied phosphorus.
However, magnesian lime alone was deleterious at the low rate, and it was toxic at the high rate both with and without applied phosphorus.
Veldtgrass was the most productive of the four species on the untreated soil. The concentration of calicum was substantially higher in the veldtgrass than in the other species, where grown on the unlimed soil (Table 4) . Veldtgrass tolerated the high magnesian lime treatment better than did the other species, making some growth even though the concentration of magnesium in the tissue was 1.87%. Concentrations of aluminum and manganese did not vary significantly among species or treatments, and levels were of the same order as in Experiment 1.
Discussion
The two range species that were most productive on the untreated soils, veldtgrass and perennial ryegrass, were very responsive to applied phosphorus in the absence of lime, but responded inconsistently to applications of calcic lime. Hardinggrass, tall fescue, and smooth brome responded strongly to the application 'of low calcic lime in the presence of applied phosphorus, but did very poorly on the untreated soils.
The since all four species selected for this study responded in yield to the substitution of magnesium lime for half of the high rate of calcic lime.
Where phosphorus was applied, magnesium response was largely masked. However, the high rate of magnesian lime alone was toxic, being fatal to bentgrass, hardinggrass, and orchardgrass. The veldtgrass survived, but its yield was strongly depressed.
Further evidence of the uniqueness of veldtgrass among the forage grasses tested is indicated by the mineral composition data from experiment 2. As an average of all treatments, calcium in veldtgrass was 74% greater than the mean concentration of the other three species (Table 4) . Veldtgrass did not differ markedly from the other species in concentration of the other mineral elements considered, however.
Calcium: magnesium ratios, averaged for the four species, were calculated from tissue concentration data from experiment 2. A ratio of 1.3 resulting from the treatments with the limemixtures was associated with best growth of the grasses (Table 4) . Ca/Mg ratios of 3.5 and above, resulting from the calcic lime treatments, were less favorable.
Ratios of about 0~7 resulting from the magnesian lime applications were associated with even poorer plant growth as calcium-magnesium imbalance in the other direction resulted.
